Objectives: Mobility activity modifications indicate early functional losses that act as precursors to future declines among community-dwelling older adults. However, there is scarce evidence on whether activity modifications indicate poorer physical health among adults with symptomatic osteoarthritis, a major cause of disability. Our purpose was to investigate whether patient-reported mobility activity modifications indicated poorer physical health among adults with symptomatic knee osteoarthritis. Design: Secondary cross-sectional analysis of randomized trial data was performed. Preclinical Disability Questionnaire was used to group participants into the following three categories: difficulty, modified, and no difficulty walking/stair climbing. Kruskal Wallis and χ 2 tests were used to compare clinical factors across groups. Results: Among 121 participants (median age = 60 yrs; 73% female; 60% white), less than 10% had modified walking/stair climbing. Compared with those with no walking difficulty, participants with modified walking had significantly less balance (P = 0.01) and global health (P = 0.01) as well as greater knee pain (P = 0.05) and physical disability (P = 0.04). Those with modified stair climbing had significantly smaller walking distances (P = 0.03) compared with those with no difficulty stair climbing. Conclusions: Activity modifications may signal early impairments in physical health among people with symptomatic knee osteoarthritis. If confirmed, patient-reported activity modifications may enhance symptom evaluation in osteoarthritis and enable a better understanding of the disablement process.
K nee osteoarthritis (OA) is a leading cause of disability worldwide, and symptoms are estimated to develop in one out of every two adults in their lifetime. 1 Characterized by progressive functional decline, knee OA can particularly limit mobility activities (i.e., walking and climbing stairs) among older adults. 2 Despite its high prevalence and societal burden, little is known about the specific progression of disability in this patient population. 3 Symptom assessment of adults with knee OA relies upon both patient-report and physical performance-based instruments. 4 However, these measures typically do not fully account for modification strategies of physical activity made in daily life. An emerging body of gerontological research shows that despite early physical impairments, older adults are able to use activity modifications to accomplish tasks without perceiving limitations. 5 Activity modifications are adaptations that individuals use to cope with detrimental changes in body structure or function in an effort to maintain physical activity and participation levels. 5 Examples of modifications can range from overt (e.g., walking with an altered gait to avoid discomfort) to subtle (e.g., holding a handrail to climb stairs). These activity modifications are important because they may indicate early, slight losses in health that are precursors to future decline. Indeed, among community-dwelling older adults, mobility modifications predicted the onset of task difficulty, hospitalizations, mobility limitations, and future falls. [6] [7] [8] [9] [10] [11] Among participants with OA, however, empirical evidence on the utility of activity modifications to indicate poorer health is scarce. Concerns that activity modifications may confound patient-reported symptom levels have been previously documented in OA research. 12 However, only one study has examined how perceived activity modifications were associated with health outcomes among this patient population. 13 Gignac et al. 13 found that modifications were associated with age and mobility difficulties among patients with various types of OA. However, this study only included participants with established activity difficulty and did not use a validated questionnaire to ascertain modification behaviors. Therefore, it remains unknown whether patient-reported activity modifications could be used to indicate early declines in physical health, i.e., poorer health among patients with no mobility difficulty. In addition, no previous study has examined activity modifications specifically among participants with knee OA.
Therefore, the purpose of this investigation was to explore whether patient-reported activity modifications indicated poorer physical health among adults with symptomatic, radiographic knee OA. Specifically, we compared those who use mobility modifications with those who do not. We hypothesized that participants who modified their walking/stair climbing would have poorer physical health than those with no walking/stairclimbing difficulty. Because activity modifications may identify a transitional state on the continuum of disablement, the results from this study may help enhance the evaluation of symptoms and the understanding of disablement in knee OA.
METHODS

Study Design and Participants
This was a cross-sectional study of participants from a 52-wk single-blind, randomized trial comparing 12-wk tai chi and physical therapy interventions for symptomatic radiographic knee OA (Trial Registry #NCT01258985). A detailed description of the methodology and primary study results for this trial has been previously published. 14, 15 Study inclusion criteria for the parent trial were the following: (1) 40 yrs or older, (2) fulfillment of the American College of Rheumatology criteria for knee OA, and (3) Western Ontario and McMaster Osteoarthritis Index pain score of 40 or higher for at least one of five questions (score range = 0-100 for each question). Exclusion criteria included the following: (1) previous experience with complementary medicine or physical therapy programs for knee OA within the past year, (2) severe medical limitations precluding full participation, (3) intra-articular steroid injections or surgery in the past 3 mos, (4) intra-articular hyaluronic acid injections in the past 6 mos, (5) mini-mental status examination score of less than 24, or (6) inability to walk without an assistive device.
Participants were randomly assigned in a 1:1 ratio to tai chi or physical therapy. The research study nurses and physical function assessors were blinded to the treatment assignments, and the blinded assessors did not have access to the data until data collection was complete. All participants signed an informed consent form before enrollment that covered the use of obtained data in secondary analyses. The study, including this investigation, was approved by the Tufts University/Tufts Medical Center Institutional Review Board.
The participants included in the present investigation were those who had data on activity modifications at the 52-wk visit. Self-reported data on activity modifications were collected in the parent trial after subject recruitment and data collection had already begun. Therefore, this investigation analyzed data from the 52-wk follow-up visit of the parent trial to maximize the available number of participants categorized as using modified mobility activities. In addition, because both interventions had similar results in pain, function, and other health outcomes at 52 wks, participants from treatment groups were combined for this cross-sectional analysis. This study conforms to all STROBE guidelines and reports the required information accordingly (see Checklist, Supplemental Digital Content 1, http://links.lww.com/PHM/A458).
Outcome Measures Mobility Activity Modifications
The Preclinical Disability Questionnaire is a 12-item patient-reported measure of current mobility activity modifications. This instrument is made up of a series of six yes/no taskspecific questions about changing the method of performing daily mobility activities (vigorous activities, walking long distances, climbing one flight of stairs, lifting groceries, bending/ kneeling/stooping, and getting in/out of cars) and another corresponding six questions about changing the frequency of performing these activities. This questionnaire is intended to be used in conjunction with other, widely used physical function questionnaires, such as the Short Form-36 Physical Function subscale, to categorize participants into subgroups based on their activity limitations and corresponding use of modification strategies. Construct validity and reliability properties of this instrument have been found among community-dwelling older adults. 10 
Patient-Reported Outcomes
A validated self-reported questionnaire with a 48-hr recall period, the Western Ontario and McMaster Osteoarthritis Index (v.3.1, visual analog) consists of the following three subscales: pain intensity, stiffness, and physical function in patients with knee OA. 16 The pain subscale, which ranges from 0 to 500 mm, consists of five items asking about pain during rest or activity. The stiffness subscale, which ranges from 0 to 200 mm, consists of two items asking about the degree of stiffness in the affected joint. The physical function subscale, which ranges from 0 to 1700 mm, consists of 17 items asking about ability to perform daily activities. Higher scores indicate greater pain or stiffness, and poorer scores indicate physical function.
A single, 0-to 10-cm visual analog scale item, the patient global assessment is a validated measure of the patient global health by asking, "Considering all the ways your knee OA affects you, how are you doing today?" Higher score indicates poorer global health. 17 A generic measure of health-related quality of life, the Short Form-36 has well-validated psychometric properties and consists of 36 questions related to eight dimensions of health. 18 Raw scores are transformed into a point scale ranging from 0 to 100, with higher scores indicating better perceived health status. To avoid information duplicative of other outcome measures used in this analysis, only items from the physical function subscale were used in conjunction with the Preclinical Disability Questionnaire.
Physical Performance Outcomes
The 20-m walk test is a validated physical performance test of gait speed at usual pace. Initially measured in seconds, data were converted to meters per second to facilitate interpretability. 19 Thus, higher meters per second values indicate faster gait speed and better performance.
The 6-min walk test measures walk ability, and endurance and is widely used to assess submaximal level of functional performance at levels typically required for daily physical activities. 20 Participants are asked to walk as far as possible within a 6-minute period, and the resulting distance is recorded. Both walking tests were performed in quiet hallways and were administered by trained investigators following a standard script.
The 10-repetition Chair Stand Test measures the ability to rise from a chair, sit back down, as well as lower body strength and power. 20 Measured as the total number of seconds required to complete 10 repetitions, lower scores indicate better performance.
The Berg balance scale is a validated performance-based test of static and dynamic balance, including the performance of 14 functional tasks such as standing from a seated position, standing unsupported for 2 minutes, turning 360 degrees, and standing on 1 ft. 21 Berg scores range from 0 to 56 with higher scores indicating better balance.
Leg extensor muscle strength was assessed according to bilateral leg press apparatus using the one-repetition maximum (1RM) technique. Leg extensor peak muscle power and peak contraction velocities were made after a 5-minute rest period. Briefly, each participant was instructed to complete a total of five repetitions, each separated by 30 secs, as quickly as possible through their full range of motion at 40% and then at 70% of the 1RM. The highest measured power output and corresponding contraction velocity elicited at 40% and 70% of the 1RM were recorded as the respective measures of peak muscle power and peak contraction velocity. Further details about these evaluations have been previously published. 22 
Procedure
Participants were divided into functional mobility categories according to the Preclinical Disability Questionnaire and items from the Short Form-36 using the approach developed by Fried and et al. 8, 23 ( Fig. 1) . Using items from the Short Form-36 physical function subscale, participants were asked to report any current difficulty (yes, limited a lot or a little; no, not limited at all) while performing two mobility tasks: walking more than a mile or climbing a flight of stairs. Those who had difficulty with performing the task (either a little or a lot) were categorized as "difficulty walking/stair climbing." Among those who did not have task difficulty, we used responses from two follow-up questions from the Preclinical Disability Questionnaire to further subcategorize participants based on use of activity modifications: "Due to underlying health problems, have you changed the way or decreased how often you (walk more than a mile or climb a flight of stairs)?" Hence, those who did not have difficulty with task performance but modified their method or frequency were categorized as "modified walking/stair climbing"; which is referred to as "preclinical disability" in other studies. 8, 23 Conversely, those with no task difficulty and no modification of walking/stair climbing were categorized as "no difficulty walking/stair climbing," which is referred to as "robust mobility" in other studies. 8, 23 Statistical Analysis
Descriptive statistics were computed for all variables and presented as number (%) or median (25th-75th percentiles). Due to skewed distributions of participants (determined via Shapiro-Wilk test) among the three subgroups of functional mobility (i.e., "difficulty," "modified function," and "no difficulty"), nonparametric Kruskal Wallis tests were used to compare continuous subgroup demographic and clinical characteristics. The χ 2 or Fisher exact tests (where appropriate) were used to compare categorical characteristics. The global test was performed first. If the results were statistically significant, then all pairwise comparisons were performed. Significance level was P values of 0.05 or less, and all data were analyzed using SAS statistical software (Version 9.4). Because this investigation was hypothesis generating in nature, analyses were not adjusted for multiple comparisons. Table 1 summarizes the baseline demographic and clinical characteristics of all 121 participants with walking activity data. The participants were predominantly female (73%), welleducated (83% with some postsecondary education), and white (60%) with median age of 60 (53-68) yrs and body mass index Among the 121 participants with walking activity data, 27 (22.3%) had no difficulty walking, 9 (7.4%) had modified walking, and 85 (69.7%) had difficulty walking (Table 2) . Compared with those with no difficulty walking, participants with modified walking had significantly poorer balance (P = 0.01) and global health (P = 0.01), as well as significantly greater pain (P = 0.05), physical disability (P = 0.05), and stiffness (P = 0.01). No other significant differences were found between those with no difficulty walking and those with modified walking. The only significant differences between the difficulty walking and modified walking groups were that the modified walking group had poorer balance (P = 0.01).
RESULTS
Among the 106 participants with stair-climbing activity data, 28 (26.4%) had no difficulty stair climbing, 9 (8.5%) had modified stair climbing, and 69 (65.1%) had difficulty stair climbing (Table 3) . Compared to those with no difficulty stair climbing, participants with modified stair climbing had a significantly shorter 6-minute walk distance (P = 0.03). In addition, the modified stair-climbing group had poorer physical functioning (P = 0.12), global health (P = 0.08), and gait speed (P = 0.08) that were marginally significant. No other significant differences were found between those with no difficulty stair climbing and those with modified stair climbing. The only significant differences between those with difficulty stair climbing and those with modified stair climbing were that the modified stair-climbing group had less males (P = 0.05).
For graphical representation of these results, see Supplemental 
DISCUSSION
This study investigated the utility of self-reported activity modifications to indicate physical health decline among adults with symptomatic, radiographic knee OA. Despite having no perceived difficulty walking, participants who modified their walking had significantly poorer pain, function, global health, No Difficulty, Uses Modification (n = 9) Difficulty Stair Climbing:
Activity Difficulty (n = 69) Global and stiffness compared with those with no walking limitation. The magnitudes of difference for pain, function, and global health were clinically meaningful. 24 Similarly, participants who modified their stair climbing had poorer walk distance, function, and global health compared with those with no stair-climbing modifications, albeit marginally significantly. The magnitudes of difference for walk distance, function, and gait speed were clinically meaningful. 20, 24, 25 Notably, only a small percentage of participants (<10%) of our sample were categorized with modifications. To our knowledge, this is the first empirical evidence supporting the notion that activity modifications may influence symptom levels among adults with knee OA.
These findings are concordant with the results of Gignac et al., 13 who examined how modifications were associated with health outcomes specifically among an OA group with manifest activity difficulty. Our study expands this field by showing that walking/stair-climbing modifications may indicate poorer physical health among adults with symptomatic knee OA who have not yet developed manifest difficulty. Hence, modifications may indicate an early, intermediate phase of physical decline. Our results are also concordant with similar findings among community-dwelling older adults that showed that activity modifications were associated with poorer physical function 6, 10, 23 and balance. 23 Given the small sample sizes of participants with modified mobility activity, it is difficult to draw inferences from the nonsignificant findings of our results. However, our findings were discordant with previous studies that found significant associations between activity modifications and various performance-based measures, including gait speed, chair-stand test, and lower limb strength among community-dwelling older adults. 8, 10, 23, 26, 27 From our results, a pattern was observed wherein the modified walking group had significantly poorer physical health according to patientreported rather than physical performance-based outcomes. This may, in part, reflect the substantial body of evidence showing that patient-reported and physical performance-based measures provide distinct but complementary information among patients with OA. 28 However, the stair-climbing groups in our study had marginally significantly poorer physical health according to both patient-reported and physical performancebased outcomes. Thus, disparate patterns of association based on patient-reported versus performance-based measures may vary by activity type.
The primary implication of these findings for researchers is that activity modifications may influence perceived physical symptoms, which has been widely suspected among patients with knee OA. 12 Because symptomatic assessments are a central component of the knee OA clinical research paradigm, a greater awareness of how to optimally account for modifications in research methodology may be needed. Another implication of this study is the unexpectedly low prevalence of participants categorized with modified walking/stair climbing. Although the prevalence of using activity modifications was previously found to be approximately to 20% to 25% among community-dwelling older adults, [6] [7] [8] [9] [10] [11] 23 it may be that the less than 10% prevalence found in this study is explained by the younger age of our participants (≈61 yrs old) relative to those found among older adults (≈70-77 yrs old). This discordance may also result from the relatively strict inclusion/exclusion criteria of the parent trial: only participants with both symptomatic and radiographic evidence of disease were included, and people unable to walk without an assistive device were excluded. However, it is unknown whether the low prevalence found in our study can be generalizable to other knee OA clinical trial populations or the larger patient population as a whole. If strictly generalizable to clinical trial participants, patients who use modifications may be underrepresented in OA clinical trials. Therefore, examination among both clinical trial and nonclinical trial samples are needed for clarification. If confirmed, less stringent inclusion criteria may be necessary to appropriately investigate this patient subgroup in the clinical trial setting. Another possibility may be that the Preclinical Disability Questionnaire does not optimally identify people who use activity modifications in this patient population. As an example, it may be helpful to capture gradations of modification strategies (i.e., scale 1-5) among those with knee OA, rather than capturing binary yes/no responses. Although our results support the utility of collecting activity modification data in knee OA research, additional refinement of the appropriate instrument may be needed. Tools that enable the rapid appraisal of disability status among patients are inherently relevant in the clinical practice of Physical Medicine and Rehabilitation. For example, this knowledge may inform the treatment decision-making process, including timely referrals to physical or occupational therapy. The results of this study provide an initial indication that patient-reported activity modifications may be a promising methodological approach to better accomplish this type of appraisal among patients with knee OA.
Study Limitations
First, due to the relatively small number of participants categorized with modified walking/stair climbing, some of the nonsignificant associations could be explained by a lack of power. However, lacking optimal statistical power does not diminish the importance of our significant findings. Namely, that activity modification may indicate early physical declines in knee OA. Second, this was not an epidemiological representative of all persons with knee OA because participants were actively symptomatic and knowingly participated in a clinical study. This may influence the generalizability of our findings. However, the symptomatic and radiographic verification of disease is representative of widely used inclusion criteria for OA in clinical trials. In addition, these participants had characteristics of patients who are routinely seen in clinical settings. Third, the questions from the Preclinical Disability Questionnaire do not specifically inquire whether modifications are attributable to knee OA. However, we excluded participants with serious medical conditions (e.g., severe neurologic, cardiovascular, gastrointestinal, or hematologic disease, diabetes, etc.) and used screening tools to ensure that enrolled participants were physically able to participate in an exercise treatment program. Therefore, it was reasonable to assume that participant mobility status was meaningfully attributable to the confirmed presence of knee OA. Finally, the cross-sectional design of this analysis inherently precludes any causal inferences. Despite these limitations, the process of disablement in knee OA is poorly understood, and the insights generated from this study provide important evidence on how to advance our scientific understanding of this complex process.
Future studies involving longitudinal designs, larger participant samples, or additional activity types are needed to better understand how modifications influence physical health decline in knee OA. In addition, researchers may consider using performance-based measures of activity modification to complement patient-reported modification data. 29 Importantly, interventional trials may be needed to determine how treatments can modulate mobility status or the progression of functional decline among patients with early signs of disablement. Furthermore, it may be useful to examine whether baseline mobility modifications predict short-and long-term outcomes.
In conclusion, this study provides initial support that patientreported activity modifications indicate both patient-reported and performance-based physical health decline among adults with symptomatic knee OA. This knowledge can be used as a preliminary step to enhance symptom evaluation in this patient group. If confirmed, activity modifications may be useful as both an indication of early decline and a mediating risk factor affecting the natural history of disability.
